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(54) BOTTLE EXCELLENT IN RECYCLABILITY AND METHOD FOR RECYCLING THE BOTTLE 



(57) There are provided a bottle which has a lami- 
nate structure including a glycolic acid polymer layer 
showing good gas-barrier property in addition to a prin- 
cipal resin layer and is yet provided with excellent recy- 
clabiiity, and also an efficient method of recycling the 
bottle. More specifically, a bottle having a laminate 
structure Including at least one layer of glycolic acid pol- 



ymer In addition to a principal resin layer, Is obtained. 
After breaking the dottle, the broken pieces are washed 
with alkaline water, water or acidic water to remove the 
glycolic acid polymer layer, thereby recovering the prin- 
cipal resin. 
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Description 

[TECHNICAL FIELD] 

[0001] The present invention relates to a bottle with 
excellent recyclability comprising a glycollc acid poly- 
mer layer In addition to a principal resin layer and also 
to a recycling method therefor. Herein, the term "bottle" 
refers not only to a bottle (n Its narrow or ordinary sense 
having a small size of mouth or neck relative to its inter- 
nal volume but also refers to a (hollow) shaped container 
in general for containing contents material therein. It is 
believed readily understandable from the following de- 
scription that the effect of the present Invention is not 
restricted by a strict shape of containers. 

[BACKGROUND ART) 

[0002] Resin-made bottles are used widely and in 
large masses as containers for various liquid materials, 
such as drinking water, seasonings, edible oil, alcoholic 
beverages, fuels, and detergents, because of their light- 
ness, transparency allowing seeing therethrough of the 
content materials, etc. This particularly holds true with 
so-called M PET bottles*, made of polyester resins, espe- 
cially bottles made of PET (polyethylene terephthalete). 
[0003] However, In view of town problems nowadays 
including the demands for reducing the load to the en- 
vironment and reducing the garbage, the recycling of 
such resin-made bottles used In large masses have 
been demanded. As for the manner of recycling, various 
types are present, Including a heat energy recovery type 
through combustion, a chemical recycle type of recy- 
cling to monomers, a starting material type of recycling 
to a starting resin material through pulverization and re- 
fining steps, and a returnable type for re-utlil2atlon as 
bottles. In the case of PET bottles among other, the 
starting material-type of recycling to the starting resin 
material through pulverization and refining steps is fre- 
quently adopted, and the recovered resin material is re- 
utilizedforproducing fiber products, etc., in many cases. 
[0004] On the other hand, nowadays, also bottles are 
required to suppress the transmission therethrough of 
carbon dioxide gas or oxygen gas for improving the pre- 
eervability of contents therein. For achieving the Im- 
provement, there has been proposed, e.g., a multiple 
layer structure of providing a gas barrier coating or de- 
posing a gas barrier resin layer as an intermediate layer. 
[0005] In the case of a PET bottle provided with a mul- 
tiple layer structure by disposing a gas barrier coating 
or an intermediate gas barrier resin layer, it is possible 
that the quality or safety of the recycled resin materials 
is questioned If It is difficult to sufficiently separate the 
PET resin material and other resin materials. 
[0006] Further, it has been also tried to use colored 
PET bottles in order to prevent photo degradation of con- 
tents, such as beer, or achieve a design effect, but the 
utilization thereof has been restricted because It is liable 



to make difficult the recycling due to the problem of color 
mixing of the recycled resins, 

[DISCLOSURE OF INVENTION] 

5 

[0007] An object of the present invention is to provide 
a bottle which has a laminate structure including an ad- 
ditional resin layer in addition to a principal resin layer 
and is yet provided with excellent recyclability, and also 
w an efficient method of recycling the bottle. 

[0008] According to our study, it has been found very 
effective for achieving the above object to dispose a gfy- 
colic acid polymer layer as an additional resin layer 
[0006] Thus, the bottle excellent In recyclability ac- 
1 5 cording to the present invention Is characterized by hav- 
ing a laminate structure Including at least one layer of 
glycols acid polymer In addition to a principal resin layer 
[001 0] Further, the bottle recycling method according 
to the pre&enx Invention is characterized by comprising 
20 the steps of: breaking a bottle having a laminate struc- 
ture including at least one layer of glycoiic acid polymer 
in addition to a principal resin layer, and washing broken 
pieces of the bottle with alkaline water, water or acidic 
water to remove the glycoiic acid polymer layer, thereby 
ss recovering the principal resin. 

[001 1 ] Reasons why the glycoiic acid polymer Is par- 
ticularly excellent as a resin constituting an additional 
resin layer of a bottle to be recycled are as follows. Gly- 
coiic acid polymer has an extremely high gas-barrier 
30 propeny as high as ca. 3 times or higher (i.e., ca. 1/3 or 
lower in terms of an oxygen transmission coefficient) as 
that of EVOH (ethylene-vinyl alcohol copolymer) which 
is a representative ga6-barrier resin used heretofore, so 
that a bottle with a remarkably Improved gas-barrier 
35 property can be obtained by Including a thin layer there- 
of in addition to the principal resin layer Accordingly, it 
becomes possible to effectively prevent the degradation 
of contents due to oxidation or poorer quality due to dis- 
sipation of carbon dioxide gas. Further, in the meterial- 
40 type recycling adopted for PET bottles, etc., there has 
been generally adopted a method of recovering the ma- 
terial resin through steps of breaking bottles and, then 
subjecting the broken bottle pieces to alkali washing for 
the purpose of decomposing protein, etc. In this in- 
*s stance, glycoiic acid polymer used In the present inven- 
tion has a substantial hydrolability with alkaline wash- 
ing liquid, water (particularly, warmed water} or acid wa- 
ter, $o that it can be easily separated by washing from 
the principal resin material to be recovered. Further, giy- 
&> colic acid formed by hydrolyzation of the glycoiic acid 
polymer in the washing waste liquid can be biologically 
decomposed Into carbon dioxide gas and water by sub- 
jecting the washing waste liquid to neutralization and 
treatment with activated sludge, thus being obviated 
9$ from functioning as a load to the environment. In con- 
trast thereto, polyiactic acid-based polymer which is a 
conventionally known representative biodegradable 
resin does not exhibit gas-barrier property like that of 



2 



3 



EP 1 555 209 A1 



4 



glycoiic acid polymer, and can only show a slower hy- 
dro)y2ation speed with alkaline water, water or acidic 
water. 

[EMBODIMENTS OF THE INVENTION] 3 
(Glycoiic acid polymer) 

[0012] Glycoiic acid polymer is a hydroiyzable poly- 
ester having a recurring unit represented by a formula w 
(1) below: 



•(OCHgCO)- 



(D 



[001 3] It is preferred to use glycoiic add homopoly mer 
(PGA) consisting only of the above recurring unit, but 
another recurring unit can be contained provided that a 
structure having a main chain which can be cut by hy- 
drolysis is preferred. Preferable structures may include 
ester structures Including carboxylic acid esters and car- 
bonic acid esters, and amide structure. Particularly, an 
aliphatic ester structure is preferred because of easi- 
ness of hydrolysis. Examples thereof may Include the 
following: 



-(OCHCH3CO)- 



■(OCH 2 CH a CH 2 OCO)« 



-(OCH 2 CH 2 CH 2 CH 2 CO). 



(2) 



(3) 



(4) 



The proportion of such another recurring unit structure 
is below 50 wt.%, preferably below 30 wt.%, further pref- 
erably below 15 wt.%. To the glycoiic acid polymer, ft is 
possible to incorporate a thermal stabilizer, a plasticizer, 
etc., as may be required for melt-processing, and further 
a colorant, such as a pigment, within an extent not ad- 
verse to the object of the present invention. 

(Principal resin) 

[0014] As a principal resin forming the bottle together 
with a layer of the glycoiic acid polymer, various species 
and grades of thermoplastic resins may be used, inclu- 
sive of polyesters as represented by PET (I.e., polyeth- 
ylene terephthalate) and polyethylene naphthalate 
(PEN); polyvinyl chloride (PVC), polyethylene (PE), 
polypropylene (PP), polycarbonate (PC), and polysty- 
rene (PS). As already mentioned before, glycoiic acid 
polymer has a remarkably higher gas-barrier property 
than these general-purpose resms. and can form a bot- 
tle with an improved gas-barrier property In case of be- 
ing laminated with any of these resins. Particularly. In 
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view of the fact that PET bottles are dominantly used at 
present, it is preferred to use PET as a principal resin 
for the bottle from the view point of economy and also 
energy consumption for the recovery and recycling. It is 
preferred to use PET having an inherent viscosity in the 
range of 0.5-1 .5 dt/g, particularly in the range of 0,6-1 ,2 
dl/g. 

[0015] It is possible to use a plurality of resins in mix- 
ture but this is liable to cause a lowering in quality when 
recycled, so that a single resin materia) Is preferred, it 
is also possible to use a colored resin but this is liable 
to cause a lowering In quality due to color mixing when 
recycled, so that a neat resin is preferred. 
[0016] It Is possible that a small amount of glycoiic ac- 
id polymer Is contained in the principal resin layer, but 
the content thereof should preferably be at most 1 0 wt. 
%, further preferably at most a wt.%, most preferably at 
most 1 wt.%. Such a principal resin layer containing gly- 
coiic acid polymer is generally found in the case where 
the principal resin layer is formed of a recycled resin lay- 
er comprising the principal resin and glycoiic acid poly- 
mer, etc. Accordingly, in this case, the amount of the gly- 
coiic acid polymer can depend on the level of gas-barrier 
property required of the bottle of the present Invention. 
If a resin material substantially free from glycoiic acid 
polymer is desired to be recovered, it Is preferred to use 
a principal resin free from glycoiic acid polymer. 

(Laminate structure) 

[0017] The glycoiic acid polymer layer is preferably 
formed as an intermediate layer sandwiched between 
an outer layer and an Inner layer composed as principal 
resin layers forming the bottle. The intermediate layer 
may be formed In a single layer or plural layers. The for- 
mation ratio between the Inner and outer layer resin and 
the glycoiic acid polymer may be arbitrarily determined 
depending on a performance and a quality desired of 
the bottle. In order to provide a good recycle efficiency 
of the principal resin while imparting a good gas-barrier 
property, the weight ratio (substantially corresponding 
to a layer thickness ratio) between the principal resin 
and the glycoiic acid polymer is preferably In the range 
of Q9/ 1 - 55/45, particularly 98/2 - 80/20. Incidentally, It 
is preferred that the glycoiic acid polymer layer Is formed 
In a thickness of at least 3 so as to exhibit a good 
gas-barrier property. Thethickness should preferably be 
retained in the body or trunk portion which occupies a 
major area of a bottle and, In some cases, the glycoiic 
acid polymer layer can be not present at the bottom or 
neck portion. Further, In some cases, it is possible to 
include a recovery resin layer comprising a mixture of 
the principal resin and the glycoiic acid polymer and in 
such a case, the content of glycoiic acid polymer in the 
recovery resin layer should preferably be at most 50 wt. 
%. further preferably at most 30 wt.%, most preferably 
at most 1 0 wt.%. If it is desired to recover a resin material 
substantially free from glycoiic acid polymer, it is pre- 
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ferred that the recovered resin layer does not contain 
gfyeolle acid polymer, Incidentally, examples of the lam- 
Inate layer structure in the case of including a recovery 
resin layer may include: principal resin/recovery resin/ 
glycolic acid polymer/principal resin, principal resin/gly- £ 
colic acid polymer/recovery resin, etc. 
[0018] It Is possible to insert an adhesive resin, as de- 
sired, e.g., between the principal resin layer and the gly- 
colic acid polymer layer, but it is preferred not to insert 
such a layer If It obstructs the recyclablllty. 10 

(Recycling method) 

[0019] Bottle recycling has been actually performed 
with respect to PET bottles. In such a system, after »5 
washing and selective removal of other resin items 
(such as caps and PVC-made bottles), PET bottles are 
broken or cut, washed with alkaline water and recovered 
as PET resin. 

[0020] it is preferred that also the bottles of the so 
present Invention are recycled through recycling steps 
similar to those In the above-mentioned PET bottle re- 
cycling system, The separation of glycolic acid polymer 
can also be made by utilizing a difference In specific 
gravity, butthe utilization of washing with alkaline water, 25 
water or acid is more efficient and reliable. The alkaline 
water washing maybe performed, e,g„ by using 0.01-5 
normal of alkaline water washing liquid at 20-100 °C , 
preferably 40-98 °C , for 5 min.-10 hours, and can effi- 
ciently hydrolyzethe glycolic acid polymer In ashorttime 30 
into glycolic acid. The water washing may be performed 
by using water at an elevated temperature of at least 40 
°C (and optionally under pressure) so as to accelerate 
the hydrolysis, it Is also possible to use steam as at least 
a portion of water and also as heat source. Acidic water ss 
also has an effect of accelerating the glycolic acid pol- 
ymer similarly as alkaline water and is used at 20- 1 00 
C C , preferably 40-98 *C. As the acid, glycolic acid per 
se la preferred. The washing may be performed at one 
time or plural times. Incidentally, the adhesion strength *o 
between a glycolic acid polymer layer and a PET layer 
Is not so strong, and partial peeling therebetween may 
frequently occur during the bottle breaking step. This is 
also a factor of accelerating the removal by dissolution 
of the glycolic acid polymer during the washing with al- 
kaline water, water or acidic water. 

(Waste liquid disposal) 

[0021] The washing waste liquid formed by washing so 
with alkaline water, etc., containing glycolic acid result- 
ing from hydrolysis of the glycolic acid polymer can pos- 
sibly be discharged as it is after neutralization as glycolic 
acid Is an organic acid occurring in nature but may pref- 
erably be subjected to activated sludge treatment to bl- ss 
ologicaliy decompose glycolic acid into HgO and C0 2 , 
thereby alleviating the load to the ecological system. 
The activated sludge treatment is a step also contained 



in the conventional PET bottle recycling system, and the 
bottle recycling method according to the present inven- 
tion can be practiced without new equipment investment 
and only with a slight increase in the load of the activated 
sludge treatment. 

[0022] As an embodiment of the washing with water 
or acidic water, the aqueous washing liquid containing 
glycolic acid produced by hydrolysis may be recycled to 
be used as washing water having an effect of acceler- 
ating hydrolysis of the glycolic acid polymer to form a 
condensed glycolic acid aqueous solution (of which the 
concentration is suitably at most 70 %). which Is then 
further condensed and polycondeneed to be recovered 
as glycolic acid oligomer. The glycolic acid oligomer may 
be converted into glycollde (cyclic dlmer ester of glycolic 
acid) useful as a starting material for polyglycolic ac- 
cording to a process disclosed in International Publica- 
tion WO-A 02/14303. More specifically, the process of 
WO-A 02/1 4303 allows a process including the steps of: 

(I) heating a mixture Including glycolic acid oligomer 
(A) recovered In the above-described manner and 
a polyalfcylene glycol ether (B) represented by a for- 
mula (1) below: 

X 1 -0-(-R 1 -O-) p -Y (1) 

(wherein R 1 denotes a methylene group or a linear 
or branched alkylene group having 2-8 carbon at- 
oms, X 1 denotes a hydrocarbon group, Y denotes 
an alkyl or aryl group having 2-20 carbon atoms, 
and p denotes an Integer of at least 1 with the pro- 
viso that in case of p is 2 or more, plural R 1 can be 
the same of different), 

and having a boiling point of 230-450 P C and a mo- 
lecular weight of 150-450. to a temperature (e.g.. 
200-320 *C) causing depolymerization of the gly- 
colic acid oligomer (A) under normal pressure or a 
reduced pressure of 0.1-90 kPa; 

(II) forming a solution state where a molten liquid 
phase of the glycolic acid oligomer (A) and a liquid 
phase of the polyaikylene glycol ether (B) form a 
uniform phase, 

(III) continuing the heating in the solution state to 
distill off glycollde (cyclic ester) formed by the de- 
composition together with the polyaikylene glycol 
ether (B); and 

(IV) recovering the glycollde from the distillate. By 
converting the thus-recovered glycollde Into a gly- 
colic acid polymer to form the bottle of the present 
invention, it becomes possible to recycle also the 
glycolic acid polymer. 

(Coloring) 

[0023] As a preferred embodiment of the present in- 
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vention, rt is preferred that the glycolic acid polymer lay- 
er Is colored. In this case, a colored bottle is obtained 
and can suppress photodegradatlon, etc, of the content 
material by controlling the transmission of light rays. The 
glycolic acid polymer layer may be uniformly colored but s 
an arbitrary pattern of colored layer can be disposed 
thereover to provide an increased aesthetic design ef- 
fect. The colorant may be selected from any known ones 
to develop a desired color but, in view of load to the en- 
vironment after the recycling, it Is preferred to use a b>* io 
odegradable dye or pigment, e.g., edible red dye for 
coloring In red. 

[0024] Another advantage accompanying the color- 
ing of the glycolic acid polymer layer is that it allows the 
determination of the condition, such as the number and is 
time, of washing for the recycling through eye observa- 
tion. More specifically, the remaining of glycolic acid pol- 
ymer results in the remaining of solid colored resin, thus, 
allowing easy Judgment of incomplete separation of the 
glycolic add polymer. As a result, the quality control of so 
the recovered principal resin after the recycling can be 
remarkably simplified, 

[0025] The production of a colored bottle with a color- 
ed intermediate layer may be applied to intermediate 
layer resins other than glycolic acid polymer, but this is & 
not practical since it does not provide a sufficient func- 
tion (such as gas-barrier property) other than an im- 
proved design effect by the coloring. Particularly, the 
presence of a colored resin layer has made difficult the 
separation of the resins for the recycling to provide an so 
obstacle factor in the recycling, but this Is utterly contra- 
ry in case of the bottom of the present Invention. 

[Examples] 

ss 

[0026] Hereinbelow, the present Invention will be de- 
scribed more specifically based on Examples and Com- 
parative Example, wherein *part(s) H represents "part(e) 
by weight 0 . 

40 

(Example 1 ) 

[0027] PET (l,V.=0.8) and PGA (melt vlscoslty=l 500 
Pa • s at 240 Q C and 100/s) were fed separately to an 
injection molding machine equipped with two cyllndars 45 
to form a preform with three layers of PET/PGAfPET 
(thickness railos=45/1 0/45), which was then formed into 
a bottle (Inner volume= 500 cc, thlckness=800 *im. 
weight=40 g) by means of a blow molding machine. 
[0028] The thus-formed bottle was cut into 2 cm- so 
square pieces and washed for 5 hours in a 1 normal- 
caustic soda aqueous solution at 80 °C. The washed 
pieces were filtered out, washed with water and dried to 
obtain 36 g of recovered resin. The thus-recovered resin 
was analyzed with respect to infrared absorption spec- S5 
trurn whereby absorption peaks attributable to only PET 
were observed, thereby confirming complete removal of 
PGA. 



(Example 2) 

[0029] A bottle was prepared in the same manner as 
In Example 1 except that PGA colored with 0.1 part of 
carbon black per 100 wtparts thereof was used. 
[0030] The thus-formed bottle were cut into 2 cm- 
square pieces and washed for 5 hours in a 1 normal- 
caustic soda aqueous solution at 60 °C. The washed 
pieces were filtered out, washed with water and dried to 
obtain colorless recovered resin. The thus-recovered 
resin wae analyzed with respect to infrared absorption 
spectrum whereby absorption peaks attributable to only 
PET were observed, thereby confirming complete re- 
moval of carbon black and PGA. 

(Example 3) 

[0031 ] A bottle prepared In the same ma nner as in Ex- 
ample 2 was cut Into 2 cm-square pieces, which were 
then washed for 3 mln. In a 1 normal-caustic soda aque- 
ous solution at 80 e C< The washed pieces were filtered 
out but some black-colored solid remained on the piec- 
es. Then, the pieces were again washed for further 3 
hours in a 1 normal-caustic soda aqueous solution at 80 
°C. The pieces thus washed again was analyzed with 
respect to Infrared absorption spectrum whereby ab- 
sorption peaks attributable to only PET were observed, 
thereby confirming complete removal of carbon black 
and PGA. 

(Example 4) 

[0032} The PET resin recovered In Example 2 was 
melt-pressed at 270 °C and cooled by a cooling press 
at room temperature to obtain a colorless transparent 
PET sheet. As a result, it was confirmed that the recov- 
ered resin was formable and the principal resin PET 
could be recycled. 

(Example 5) 

[0033] The alkaline aqueous solution after the wash- 
ing in Example 1 was analyzed by liquid chromatogra- 
phy, whereby glycolic acid was detected. The solution 
was neutralized, diluted with 100 times of water and fed 
to activated sludge maturedby aeration, followed by cul- 
turing in an aerobic environment at room temperature 
for 1 month. After the one month, the reaction liquid was 
again analyzed by liquid chromatography, whereby no 
glycolic acid was detected at all. The reaction liquid was 
further analyzed with respect to dissolved organic car- 
bon by a total organic carbon meter (TOC-SOOOA", 
made by Shimadzu Seisakusho K.K), whereby no or- 
ganic carbon was detected, and the reaction liquid was 
discharged as It was. 
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[Industrial applicability] 

[0034] As described above, according to the present 
invention, there are provided a bottle which has a lami- 
nate structure Including a giycolic acid polymer layer s 
showing good gas-barrier property in addition to a prin- 
cipal resin layer and Is yet provided with excellent recy* 
debility, and also an efficient method of recycling the 
bottle, 



Claims 

1. A bottle excellent in recyclabillty, having a laminate 
structure including at least one layer of giycolic acid ?5 
polymar in addition to a principal resin layer. 

2. A bottle according to Claim 1 , wherein the principal 
resin comprises a polyester. 

so 

3. A bottle according to Claim 1 or 2, wherein the giy- 
colic acid polymer layer is colored. 

4. A bottle recycling method, comprising the steps of: 
breaking a bottle having a laminate structure irtclud- 
ing at least one layer of giycolic add polymer in ad- 
dition to a principal resin layer, and washing broken 
pieces of the bottle wrth alkaline water, water or 
acidic waterio remove the giycolic add polymer lay- 
er, thereby recovering the principal resin. so 

5. A recycling method according to Claim 4, wherein 
the broken pieces are washed with alkaline water. 

6. A recycling method according 1o Claim 4 or 5, 95 
wherein the giycolic acid polymer layer is colored, 
and the washing step is terminated by confirming 
the removal of the color from the broken pieces. 

7. A recycling method according to Claim 4 t B or 6, *o 
further Including steps of neutralizing a waste liquid 
from the washing step and then biologically decom- 
posing the waste liquid with activated sludge. 
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